The formation of Co(II) ion complexes with reduced low-molar dextran (RLMD, Mw 5000 g/mol) was studied at the pH range from 7.0 to 13. 
I N T R O D U C T I O N
Interactions of the metal ions with polysaccharides are very important in the field of medicinal chemistry due to the presence of such interactions in biological system, and various applications of metal ion-polysaccharide complexes which are being offered in the areas related to pharmacy, medicine, agriculture and food industry (1, 2) . Detailed characterization of polysaccharide complexes of various metal ions, such as Cu(II) (3, 4) , Fe(III) (5, 6) , Zn(II) (7, 8) , and Ag(I) (9 -12), has already been described in the literature.
Cobalt is an essential trace element, being an integral part of vitamin B12. Vitamin B12 is a water-soluble vitamin, physiologically active substance with a key role in the normal functioning of the brain and nervous system, and in the formation of blood as well (13) . There are literature data about Co(II) complexes with mono -and disaccharides (14) and interactions of polysaccharides with cobalt-based nanoparticles (15) . However, only few studies concerning polysaccharide-Co(II) complexes have been published in the literature so far (16 -18) , altho ugh Co(II) complexes with polysaccharides or their derivatives may have important applications (19) .
Microbial polysaccharide dextran is a polymer with α-(1→6) linked D-glucopyranose units. Dextran is a water-soluble, neutral polysaccharide with numerous applications in the food, cosmetic, chemical and pharmaceutical industries, and medicine (20) (21) (22) (23) (24) . Cross-linked dextran is known as Sephadex and is widely used for the separation and purification of proteins and carbohydrates (24) . Also, dextran may be formed as unwanted deposit in Brazilian sugar cane spirits (25) . The dextran produced by Leuconostocmesenteroides consists of α-(1→6)-linked glucan with side chains attached to the 3-positions of the backbone D-glucopyranose units and the degree of branching ~ 5% (Figure 1 ). Dextrans T-40 and T-70, which are commercially available, are used as drugs, especially as blood plasma volume expanders (22, 23) . Dextran may be derivatized easily to control its solubility or provide reactive groups, and its derivatives have numerous potential industrial applications (20, 26) . Many types of carbohydrate derivatives have been synthesized for biomedical and pharmaceutical applications (24, (27) (28) (29) . Reduced low-molar dextran (RLMD) was chosen as a complexing material, and its interactions with Co(II) ions were investigated in this study. The complexation process begins in an alkaline solution (pH > 7.5) and involves OH groups in C-2 and C-3 or C-4 positions of dextran monomer units (α-Dglucopyranose). Co(II)-RLMD complexes were synthesized in aqueous solutions, at the boiling temperature and at different pH values, ranging from 7 to 13.5 (17, 18) . The obtained complexes were investigated both in solution and in the solid state.
For the characterization of the carbohydrate com-plex compounds, different spectroscopic techniques may be applied (3, 28, 30) . UV-Vis spectrophotometry and FTIR spectroscopy proved to be very useful combination for the structural characterization of various Co(II) ion complexes with different ligands (19, 31, 32) . UV-Vis spectra can provide relatively reliable information about the ligand arrangement in transitional metal complexes. Co(II) ion can build numerous complex compounds with the different geometric structures, such as tetrahedral (Td), square-planar (D4h), and octahedral (Oh). In octahedral surroundings of the ligands, Co(II) ion builds complexes with the coordination number 6 which can have one from two possible d 7 configurations: high-spin t2g 5 eg 2 with weak-field ligands, or low-spin t2g 6 eg 1 with strong-field ligands (33) . High-spin Co(II) complexes with weak-field ligands (such as Odonors) have electronic configuration t2g 5 e g2 , an expected weak Jahn-Teller effect, and according to the Jahn-Teller theorem (34) such complexes are octahedral with tetragonal distortion.
More structure-sensitive instrumental methods, such as Fourier-transform infrared (FTIR) spectroscopy, made it possible to assign the binding of metal ions to OH or other groups, to characterize the metal ion coordination in the complex carbohydrate systems, and monitor the polysaccharide conformation or configuration changes forced by complexation processes (35, 36) . The major goal of this work was to use UV-Vis spectrophotometry and FTIR spectroscopy as the main tools to determine the conformation and the structure of this dextran derivative around Co(II) ions. The additional characterization of Co(II)-RLMD complexes was provided by AAS analysis.
Experimental

Materials
RLMD standard with Mw 5000 g/mol and the content of reducing groups of 0.05% (38) , was obtained by depolymerization and reduction of dextran with Mw 70000 g/mol (37) . NaOH, ethanol, D2O, and CoCl2×6H2O were purchased from Merck (Darmstadt, Germany). Redistilled water was used in the preparation of all solutions.
Complex synthesis
The Co(II)-RLMD complexes were synthesized in aqueous solutions at different pH values (7.5-13.5) at room temperature, using CoCl2×6H2O andRLMD, Mw 5000 g/mol. Details of the synthesis have already been described by Mitić et al. (17, 18) .
UV-Vis spectrophotometry
The Vis spectra of the aqueous solutions of synthesized complexes were recorded on a Varian Cary-300 Conc. spectrophotometer, in the range of 400-900 nm, in quartz cells (1x1 cm) at room temperature with redistilled water as a reference.
FTIR spectroscopy
The FTIR spectra (an average of 200 scans) were recorded at room temperature on a PerkinElmer Frontier™ FT-IR spectrometer equipped with a standard detector in the range of 4000-400 cm -1 with a resolution of 2 cm -1 . The spectrometer was purged with dry nitrogen gas during the measurements. All spectra were baselinecorrected and area-normalized. A Fourier self-deconvolution method was applied to enhance the spectral resolution.
AAS analysis
The cobalt content of the complexes was measured by Atomic Absorption Spectrometry (AAS) on the Perkin Elmer AAnalyst 400 spectrometer (Co-lamp λ = 240.7 nm; the breadth of slot 0.2 nm; the flame: acetylene/air).
R E S U L T S A N D DI S C U S S I ON
The analysis of similar polysaccharide complexes of Fe(III) (5, 28) and Cu(II) (3, 35) points to the necessity of determining their physicochemical properties in order to obtain the applicable pharmaceutical preparations. Some basic physicochemical properties of Co(II)-RLMD complexes synthesized in this work are shown in Table 1 .
The data in Table 1 show that the color of synthesized Co(II)-RLMD complexes can vary from light salmon to dark brown at the pH range 7.5-13.5. The change of reddish color of the initial Co(II) salt solution during the synthesis,at the pH range 13.0-13.5, from light salmon to brown, is the proof of complex formation. Also, the quantity of Co(II) ion bound in Co(II)-RLMD complexes largely increased at pH 12.0 and above, and the solubility of the synthesized Co(II)-RLMD complexes in water varied. The most water-soluble complex was obtained at pH 13.5 and this solution was stable without phase separation for a long period of time. Co(II)-RLMD complexes synthesized at lower pH values were less soluble. Solution pH obviously has an influence on the manner of binding of Co(II) ions into a complex, i.e. on the type and/or number of bonds, because the stability, color, and solubility of the obtained complexes also changed with pH (Table 1) . (7) Absorbance maxima in the area of wavelengths around 550 nm were reported for the high-spin Co(II) ion complexes with weak-field ligands (oxygen-donors) having configuration t2g 5 eg 2 and coordination number six (33) . Absorbance maxima, because of the synergic effect, shift to the red region of Vis spectrum (batho-chromic Absorbance Wavelength (nm) effect). Strengthening of the metal-ligand bond (Co-O) diminishes the splitting energy of d-orbitals and absorbance maxima shift to larger wavelengths (curves 2-6, Figure 2 ). The appearance of better defined absorbance maxima with higher wavelengths (510, 581, and 628 nm in curve 7, Fig. 2 (40) . Thus, these spectrophotometric criteria can be applied for the confirmation of the success of complex synthesis.
From the Vis spectra of Co(II)-RLMD complexes synthesized under different reaction conditions it was possible to see that the wave lenghts of the absorbance maxima ranged from 583 to 624nm. The corresponding ligand crystal field splitting energies (Δ) are from 2.13 to 1.99eV. According to the literature data (33, 40), these energy values have been found in the range of energies which are characteristic for the Oh ligand field (Δo). Co(II) complexes of organic molecules, such as carbohydrates, have the ability to adopt alternative coordination arrangements, particularly tetragonal (41), and these exhibit distinct spectral properties in the Vis range resulting from Jahn-Teller distortion (34, 43) .This points to the possibility that in the structure of the synthesized Co(II)-RLMD complexes, analogous with copper(II)-dextran complexes (44), Co(II) ions are probably in the Ohor tetragonally distorted Oh surroundings (square-bipyramidal) with O atoms which can originate from a ligand or solvent (18) .
FTIR spectroscopy was used for further investigation of the structure and properties of polysaccharide ligand and its complexes with Co(II) ion. The FTIR spectra of RLMD and the synthesized Co(II)-RLMD complexes (Figure 3 ) contain the following characteristic bands: ν(O-H) ~3400 cm -1 , ν(C-H) ~2930 cm -1 , δ(HOH) ~1645 cm -1 , δ(C-H) ~1450 and ~1345 cm -1 , δ(O-H) ~1420 cm -1 , a complex band ν(C-O) 1200-1000 cm -1 , γ(C-H) 1000-700 cm -1 .
Although the FTIR spectrum of RLMD and FTIR spectra of Co(II)-RLMD complexes synthesized at different pH values are similar, there are some notable differences in the area of vibrations of all types of OH groups and H2O molecules (Figure 3 ). This means that in the RLMD FTIR spectrum the wide intensive band at approx. 3400 cm -1 , resulting from the stretching vibrations of OH groups and stretching vibrations of constitutional H2O molecules, and the band at approximately 1645 cm -1 which is the result of δ(HOH), are clearly recognized (35, 39) .The positions of these bands changed (wave numbers decreased) as a result of a complex formation i.e. deprotonation of the RLMD ligand OH groups, most likely in the first coordination sphere of the Co(II) ion.
We already know that the complexation of copper(II) ions with reduced low-molar pullulan (RLMP) (3) and RLMD (43) produced different types of the complex es depending on the pH value, and the spectral picture . This finding suggest that this band can be considered as characteristic for the type of Co(II)-ligand links. In the 1200-1000 cm -1 region, the spectra of RLMD and the Co(II)-RLMD complexes comprise a number of highly overlapping bands. IR range from 1000 to 700 cm -1 is of special interest for structural investigation of this type of complexes (39) . Both the number and frequencies of the bands in this IR range depend on the conformation of the D-glucopyranose units (35) . The similarities of FTIR spectra in the γ(C-H) range indicate that there is no difference in the conformation of the glucopyranose units in the RLMD and synthesized complexes, and they probably exhibit C1 chair conformation (910 and 840 cm -1 ). IR bands from ring deformations and scaffold vibrations were observed at 705, 668, 605, 550, and 520 cm -1 .The IR bands at 765 and 910cm -1 indicate the existence of α-(1→6) Oglycosidic bond. The α-(1→6) O-glycosidic bond content is greater than 95%, which points to the high linearity of polysaccharide dextran. In the IR spectra of dextrans synthesized by different mi-croorganisms, the different band intensity from γ(C-H) vibrations at 794 cm -1 , which indicates the presence of α-(1→3)-bond in dextran macromolecules, was noticed. FTIR spectroscopy coupled with D2O isotopic exchange proved to be a very sensitive method for determining the OH group coordination and is related to the bonding strength of hydrogen atoms (44, 45) . We also applied FTIR spectroscopy to determine spectral manifestation of the changes in the complex structure caused by recrystallization from D2O. The deconvoluted FTIR spectra of RLMD and Co(II)-RLMD complexes were compared with the deconvoluted spectra of their analogs recrystallized from D2O in order to find the specific spectral peculiarities that allow one to obtain the information about the structure and the conformation of these macromolecules in solvents that exhibit different influences on their intra-and intermolecular interactions. Based on the correlation of data obtained by the spectroscopic techniques used in this study for the characterization of synthesized Co(II)-RLMD complexes, we propose the structure with tetragonal distorted Oh coordination for the complexes synthesized at pH > 11. The proposed structure is given in Figure 5 . 
